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Abstract
Thermal Sunyaev-Zel’dovich (tSZ) effect and X-ray emission from galaxy clusters have been extensively used to constrain cosmolog-
ical parameters. These constraints are highly sensitive to the relations between cluster masses and observables (tSZ and X-ray fluxes).
The cross-correlation of tSZ and X-ray data is thus a powerful tool, in addition of tSZ and X-ray based analysis, to test our modeling
of both tSZ and X-ray emission from galaxy clusters. We chose to explore this cross correlation as both emissions trace the hot gas in
galaxy clusters and thus constitute one the easiest correlation that can be studied.
We present a complete modeling of the cross correlation between tSZ effect and X-ray emission from galaxy clusters, and focuses on
the dependencies with clusters scaling laws and cosmological parameters.
We show that the present knowledge of cosmological parameters and scaling laws parameters leads to an uncertainties of 47% on the
overall normalization of the tSZ-X cross correlation power spectrum.
We present the expected signal-to-noise ratio for the tSZ-X cross-correlation angular power spectrum considering the sensitivity of
actual tSZ and X-ray surveys from Planck-like data and ROSAT. We demonstrate that this signal-to-noise can reach 31.5 in realistic
situation, leading to a constraint on the amplitude of tSZ-X cross correlation up to 3.2%, fifteen times better than actual modeling
limitations. Consequently, used in addition to other probes of cosmological parameters and scaling relations, we show that the tSZ-X
is a powerful probe to constrain scaling relations and cosmological parameters.
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1. Introduction
Galaxy clusters are the largest virialized structures, they can
be observed through X-ray, via the bremsstrahlung emis-
sion produced by the ionized intra-cluster medium (see e.g.
Bohringer et al. 2000; Ebeling et al. 2000, 2001). This hot
intra-cluster medium also produces a distortion of the CMB
black-body emission via the thermal Sunyaev-Zel’dovich (tSZ)
effect (Sunyaev & Zeldovich 1969, 1972). This effect was
observed toward a large number of clusters by Planck (Planck
Collaboration early VIII 2011; Planck Collaboration results
XXIX 2013), ACT (Marriage et al. 2011) and SPT (Reichardt
et al. 2013).
The number of galaxy clusters is extremely sensitive to cosmo-
logical parameters, especially to the normalization of the matter
power spectrum, σ8, and to the matter density, Ωm.
It is thus possible to use galaxy cluster catalogs to constraint
cosmological parameters (Vanderlinde et al. 2010; Sehgal et al.
2011; Planck Collaboration et al. 2013b) through a halo mass
function formalism.
We have now access to a full sky coverage for both X-ray
emission with the ROSAT all sky survey (RASS), and tSZ
emission with Planck (Planck Collaboration et al. 2011a).
Consequently, beyond tSZ clusters catalogs analysis, it is
possible to perform tSZ angular power spectrum analysis. This
process allows to consider all clusters on the covered sky with-
out any selection function (see e.g., Planck Collaboration et al.
2011a), contrary to catalog based analysis. This allows to catch
the signals from higher redshift and lower mass objects that are
not detected individually. Such measurement is limited by the
contamination produced by other astrophysical components,
mainly the cosmic infra-red background (CIB, Puget et al. 1996;
Fixsen et al. 1998).
It is difficult to perform the same power spectrum analysis with
X-ray surveys. The X-ray photons, at low energy (< 0.5 keV),
are absorbed by neutral hydrogen of our Galaxy and, at higher
energy, the X-ray sky power is dominated by the emission from
Active Galactic Nuclei (AGN). Consequently, X-ray surveys
are most commonly used to constraint the AGN spatial cluster-
ing (Krumpe et al. 2010; Miyaji et al. 2011; Krumpe et al. 2012).
In addition to auto-correlation power spectrum analysis,
the cross power spectrum between tSZ effect and X-ray emis-
sion can be used. This cross-correlation is one of the easiest
correlation to study, as both signals are produced by the same
hot gas of electrons. Using such approach allows to minimize
the contamination by other astrophysical components and
suppresses the instrumental noise contribution to the power
spectrum.
tSZ-X cross spectrum is sensitive to both X-ray and tSZ scal-
ing relations (see e.g, Benson et al. 2013; Planck Collaboration
et al. 2011b; Arnaud et al. 2010, for present constraints on
scaling relations). This sensitivity limits the determination of
cosmological parameters. However, it offers another possibility
to constraint tSZ and X-ray scaling laws.
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The utilization of the tSZ-X correlation has already been
discussed in the literature. Diego et al. (2003) has attempted to
directly compare theoretical prediction with the measured cross
power spectrum between WMAP temperature anisotropies maps
and ROSAT All Sky Survey (RASS). The limited sensitivity
and resolution of the WMAP experiment leads to upper limits
on the tSZ-X correlation.
More recently, (Hajian et al. 2013) performed the measurement
of the cross correlation between the tSZ sky and an X-ray
based catalog of clusters. From their analysis they derive
σ8(Ωm/0.30)0.26 = 0.80 ± 0.02.
We present in this paper, an up-to-date modeling of the
tSZ/X-ray cross-correlation. In Sect. 2, we present our modeling
of the tSZ-X cross correlation. We give a particular attention
to the distribution in mass and redshift of the tSZ-X power. In
Section 3, we explore the variations of the tSZ-X spectrum with
respect to cosmological and scaling laws parameters. We also
discuss modeling uncertainties considering our knowledge on
cosmological and scaling law parameters and we present the
main limitations for the tSZ-X correlation measurement using
simulated Planck-like data. Finally in Sect.4, we predict the
expected signal-to-noise for the tSZ-X correlation from simu-
lations of Planck-like tSZ survey and ROSAT All Sky Survey,
and we present the associated constraints on cosmological and
scaling law parameters.
Throughout the paper, we used the Planck-CMB best fitting
cosmology (Planck Collaboration et al. 2013c) as our fiducial
cosmological model, unless otherwise specified. Thus, we con-
sider H0 = 67.1 ± 1.4 km/s/Mpc, σ8 = 0.834 ± 0.027 and
Ωm = 0.317 ± 0.020.
2. Modeling tSZ-Xray cross correlation
2.1. The tSZ effect from galaxy clusters
The tSZ effect consists of a small spectral distortion of the CMB
black-body (Sunyaev & Zeldovich 1969, 1972), its intensity is
related to the integral of the pressure across the line-of-sight via
the Compton parameter. This parameter in a given direction of
the sky reads
y =
∫ kBσT
mec2
neTedl, (1)
where dl is the distance along the line-of-sight, ne and Te are the
electron number density and the temperature, respectively.
In units of CMB temperature, the contribution of the tSZ
effect to the sub-millimeter sky intensity for a given obser-
vation frequency ν is given by ∆TCMBTCMB = g(ν)y. Neglecting
relativistic corrections we have g(ν) =
[
xcoth
(
x
2
)
− 4
]
, with
x = hν/(kBTCMB). This function is equal to 0 around 217 GHz,
it is negative at lower frequencies and positive for higher
frequencies. Thus the spectral distortion induced by the hot gas
of baryons provides a characteristic signal allowing to directly
measure the pressure distribution in galaxy clusters. In the
context of a ΛCDM cosmology, this spectral distortion is known
to be independent of the redshift. This have been tested and
validated for a redshift range from 0 to 1 (Hurier et al. 2013a).
This characteristic spectral distortion can be used to separate
the tSZ from other emissions of the microwave sky to derive
Compton parameter map (see e.g, Remazeilles et al. 2011;
Hurier et al. 2013b; Planck Collaboration et al. 2011a).
2.2. The X-ray emission from galaxy clusters
The ionized gas in the intra-cluster medium produces an X-ray
emission via Bremsstrahlung. This radiation is proportional to
the square of the electronic density. The energy spectrum of the
X-ray emission from galaxy clusters depends mainly on the tem-
perature, T500, of the intra-clusters medium and to a lesser extent
on the metallicity, Z, of the gas. To model the metallicity evolu-
tion history, we follow Andreon (2012) using the relation derived
from the analysis of 130 galaxy clusters in a redshift range from
0.1 to 1.3,
Z =
0.35
1 − exp(−11/6)(1 − exp(−t(z)/6)), (2)
with t(z) the age of the universe at a redshift z.
From an observational point of view, the X-ray spectrum de-
pends on the redshift, z. X-ray photons are also absorbed by the
neutral hydrogen in our Galaxy. This absorption is particularly
significant for photons with E < 0.5 keV. Consequently, The
observed count-rate depends on the column density of neutral
hydrogen, nH, on the line-of-sight.
To estimate the X-ray flux from each cluster, we compute an un-
absorbed X-ray spectrum, φunabs = dnγ/dE, with nγ the number
of emitted photons by the cluster inside a radius of R500, using a
MEKAL model (Mewe et al. 1985). To do this, we use a relation
between the physical properties of the cluster, mass and redshift,
and the temperature, such relations are presented in Sect. 2.5.
Then, we computed the absorbed spectrum,φabs, as
φabs(E) = φunabs(E) exp [−nHσ(E)] , (3)
with σ(E) the photoelectric cross-section. The unabsorbed lumi-
nosity, L500, in a given energy bin [Emin, Emax] of a cluster reads
L500 =
∫ Emax
Emin
dE E φabs(E) (4)
Finally, the expected number count in a given energy bin
[E′
min, E
′
max] is computed as
S 500 =
a
4πχ2(z)
∫ E′max
E′
min
dE′
∫ ∞
0
dEM(E′, E) A(E) φabs(E), (5)
where χ(z) is the comoving angular distance at redshift z, a
the scale factor, A(E) is the effective area of the detector as a
function of the energy and M(E′, E) is the energy redistribution
matrix, E and E′ are respectively the photon energy1 and the
measured value of photon energy.
We define the flux to count-rate conversion factor as
CR(z, Z, nH, T500) = S 500/L500. However, clusters can be located
at any position on the sky, and thus we have to convolve the CR
factor by the distribution of nH on the sky.
CR(z, Z, T500) =
∫
dnHP(nH) CR(z, Z, nH, T500), (6)
where P(nH) is the probability to have a column density of hy-
drogen nH on the line-of-sight.
1 The values of E′
min and E′max can differ from the values of Emin and
Emax.
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Figure 1. tSZ-Xray cross correlation for the 1-halo term in blue and for the 2-halo term in red, considering the ROSAT hard band
from 0.5 to 2.0 keV. The dashed lines represent the 1 σ level considering variations of scaling relations power laws. This cross
correlation spectrum have been predicted using our fiducial cosmological model.
2.3. The tSZ-Xray cross power spectra
Decomposing both tSZ Compton parameter map and X-ray
count-rate map we define
y(n) =
∑
ℓm
yℓmYℓm(n), (7)
x(n) =
∑
ℓm
xℓmYℓm(n). (8)
Thus, the power spectra of both tSZ effect and X-ray can be writ-
ten as
Cyy
ℓ
=
1
2ℓ + 1
∑
m
yℓmy∗ℓm (9)
Cxxℓ =
1
2ℓ + 1
∑
m
xℓmx
∗
ℓm, (10)
the angular cross power spectrum of tSZ effect and X-ray count-
rate map reads
Cyx
ℓ
=
1
2ℓ + 1
∑
m
1
2
(
yℓmx∗ℓm + y
∗
ℓmxℓm
)
(11)
To model this cross-correlation, or the auto correlation power
spectra, we assume the following general expression
Cℓ = C1hℓ +C
2h
ℓ +C
diff
ℓ , (12)
where C1h
ℓ
is the Poissonian contribution, C2h
ℓ
is the 2-halo
term that account for correlation in the spatial distribution of
clusters over the sky and Cdiff
ℓ
is produced by the warm-hot
intergalactic medium (WHIM). In the following, considering
the low density and the low temperature of the WHIM, we
assume Cdiff
ℓ
<< C1h
ℓ
+C2h
ℓ
, and thus we neglect his contribution
to the total power spectrum.
The Poissonian term can be computed by assuming the
Fourier transform of tSZ and X-ray projected profiles weighted
by the mass function, presented in Sect. 2.4, and the fluxes for
tSZ effect and X-ray count-rate (see e.g, Komatsu & Seljak 2002,
for a derivation of the tSZ angular power spectrum).
Cyx,1h
ℓ
= 4π
∫
dz dVdzdΩ
∫
dM d
2N
dMdV (1 + ρYLσlog Yσlog L)Y500S 500yℓxℓ,
(13)
where S 500 = CR(z, Z, T500)L500, CR(z, Z, T500) the flux to
count-rate conversion factor described in Sect. 2.2, d2NdMdV the
clusters mass function described in Sect. 2.4, and dVdzdΩ the el-
ement of comoving volume. The term (1 + ρYLσlog Yσlog L) ac-
counts for extra-power produced by the scatter in the scaling re-
lations described at Sect. 2.5.
The Fourier transform of the 3-D profile projected across the
line-of-sight on the sphere reads,
pℓ =
4πro
l2s
∫ ∞
0
drs r2s p(rs)
sin(ℓrs/ℓs)
ℓrs/ℓs
, (14)
where p(rs) is either the tSZ 3-D profile or the X-ray count-rate
3-D profile, rs = r/ro, ℓs = DA(z)/ro, ro is the scale radius of the
profile.
The contribution of the 2-halo term corresponds to large
scale fluctuations in the matter power spectrum, that induce cor-
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relation in the cluster distribution over the sky. It can be com-
puted as (see e.g, Taburet et al. 2011, and references therein)
Cyx,2h
ℓ
= 4π
∫
dz dVdzdΩ
(∫
dM d
2N
dMdV Y500yℓblin(M, z)
)
(15)
×
(∫
dM d
2N
dMdV S 500xℓblin(M, z)
)
P(k, z)
with P(k, z) the matter power-spectrum computed using CLASS
(Lesgourgues 2011) and blin(M, z) the time dependent linear bias
factor that relates P(k, z) to the power spectrum of the cluster dis-
tribution over the sky. Following Mo & White (1996); Komatsu
& Kitayama (1999), we adopt blin(M, z) = 1+(ν2(M, z)−1)/δc(z),
whith ν(M, z) = δc(z)/
[
Dg(z)σ(M)
]
, Dg(z) is the linear growth
factor and δc(z) is the over-density threshold for spherical
collapse.
2.4. Mass function
Our computation of the tSZ-X correlation assumes the mass
function calibrated on numerical simulation from Tinker et al.
(2008),
dN
dM500dV
= f (σ)ρm(z = 0)
M500
dlnσ−1
dM500
, (16)
with
f (σ) = A0
1 +
(
σ
A1
)A2 exp
(
−A3
σ2
)
, (17)
and ρm(z = 0) the mean matter density today. The coefficients
A0, A1, A2 and A3 are given in Tinker et al. (2008) for var-
ious over densities, ∆mean, with respect to the redshift depen-
dent mean cosmic density. These coefficients are interpolated
to match ∆critical defined with respect to the critical density.
The relation between ∆critical and ∆mean is given by ∆mean =
∆critical/Ωm(z), with Ωm(z) the matter density parameter at red-
shift z. The standard deviation of the density perturbation in a
sphere or radius R, σ, is computed in linear perturbation theory.
2.5. tSZ and X-ray fluxes
A key step in the modeling of the cross correlation between tSZ
and X-ray is to relate the mass, M500, and the redshift, z, of a
given cluster to tSZ flux, Y500, and X-ray luminosity L500 in the
[Emin − Emax] keV energy band2 in the rest frame of the cluster.
The cross correlation between tSZ effect and X-ray emission is
thus highly dependent on the M500 − Y500 and the M500 − L500
relations in terms of normalization and slope. Consequently, we
need to use the relations derived from a representative sample of
galaxy clusters, with a careful propagation of statistical and sys-
tematic uncertainties. We stress that for power spectrum analysis
the intrinsic scatter of such scaling laws has to be considered, as
it will produce extra-power that has to be accounted for in order
to avoid biases.
We used the M500 − Y500 scaling laws presented in Planck
Collaboration et al. (2013b),
E−βsz(z)
D
2
ang(z)Y500
10−4 Mpc2
 = Y⋆
[
h
0.7
]−2+αsz [ (1 − b)M500
6 × 1014 M⊙
]αsz
,
(18)
2 By convention, the energy range [0.1-2.4] keV is used for the defi-
nition of the M500 − L500 scaling relation.
with E(z) = Ωm(1 + z)3 + ΩΛ. The coefficients Y⋆, αsz and βsz,
from Planck Collaboration et al. (2013b), are given in Table 1.
We used b = 0.2 for the bias between X-ray estimated mass and
effective mass of the clusters. To model the L500 − M500 relation
we used the relation derived by Arnaud et al. (2010) from the
REXCESS sample (Böhringer et al. 2007).
[hE(z)]−βx
(
L500
1044 erg.s−1
)
= L⋆
[
Mx,500
3 × 1014 M⊙
]αx
, (19)
where Mx,500 is the cluster mass estimated from X-ray
observations. It is related to the true mass M500 through
Mx,500 = (1 − b)M500 the coefficients L⋆, αx and βx are given in
Table. 1.
The two relations, M500 − Y500 and M500 − L500, have intrinsic
scatters, σlog Y = 0.075 and σlog L = 0.183, respectively. These
scatters will contribute to the total power measured on the sky.
Indeed, the quantity < Y2500 > is equal to (1 + σ2log Y )Y2500 and
< L2500 > is equal to (1 + σ2log L)L2500. The cross-correlation
power spectrum of tSZ and X-ray can be affected by the same
effect. However, for a cross correlation this scatter bias is depen-
dent of the correlation between the scatters of the M500 − Y500
and the M500 − L500 scaling relations. This question is addressed
in Sect. 3.2.
We also need to have an estimate of the cluster tempera-
ture, T500. In this work, we used the scaling law from Planck
Collaboration et al. (2011b)
E(z)−βTY500 = T⋆
[ T500
6 keV
]αT
, (20)
the coefficients T⋆, αT and βT are given in Table 1. This rela-
tion also presents an intrinsic scatter σlog T = 0.14 ± 0.02. We
verified that this scatter has no significant impact on the tSZ-X
cross power-spectrum amplitude with respect to the scatter from
M500 − Y500 and M500 − L500 relations.
2.6. Pressure and density profiles
The tSZ effect is directly proportional to the pressure integrated
across the line-of-sight. In this work, we model the galaxy clus-
ter pressure profile by a Generalized Navarro Frenk and White
(GNFW, Navarro et al. 1997; Nagai et al. 2007) profile of the
form
P(r) = P0(c500r)γ [1 + (c500r)α](β−γ)/α
. (21)
For the parameters c500, α, β, and γ, we used the best fitting val-
ues from Arnaud et al. (2010) presented in Table. 1. The absolute
normalization of the profile P0 is set assuming the scaling laws
Y500 − M500 presented in Sect. 2.5.
To model the X-ray emission, we need both the density, ne(x),
and the temperature, Te(x), profiles. Thus, we assume a poly-
tropic profile (see e.g; Komatsu & Seljak 2001), P(r) =
ne(r)Te(r), with ne(r) ∝ Te(r)δ where δ the polytropic index fixed
at 1.5. For the X-ray flux to count-rate conversion factor, we only
assume an averaged temperature T500, then the X-ray flux is di-
rectly proportional to n2e(x). The overall normalization of the X-
ray emission profile is deduced from the scaling law L500 −M500
presented in Sect. 2.5.
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Table 1. Scaling-law parameters and error budget for both Y500 − M500 (Planck Collaboration et al. 2013b), L500 − M500 (Arnaud
et al. 2010) and Y500 − T500 (Planck Collaboration et al. 2013b) relations
M500 − Y500 M500 − L500 M500 − T500
log Y⋆ -0.19 ± 0.02 log L⋆ 0.724 ± 0.032 log T⋆ -4.27 ± 0.02
αsz 1.79 ± 0.08 αx 1.64 ± 0.12 αT 2.85 ± 0.18
βsz 0.66 ± 0.50 βx 7/3 βT 1
σlog Y 0.075 ± 0.010 σlog L 0.183 ± 0.032 σlog T 0.14 ± 0.02
3. Results
3.1. The tSZ-X power spectrum
In Fig. 1, we present the angular cross power spectrum be-
tween tSZ and X-rays (assuming 0.5-2.0 keV energy band for the
ROSAT experiment). The power spectrum is predicted for our
fiducial cosmological model. We observe that the tSZ-X power
spectrum is dominated by the 1-halo term throughout the entire
range of multiplole, from ℓ = 0 to ℓ = 10 000.
For low multipoles (ℓ < 1 000) the tSZ-X power spectrum fol-
lows a power law Cyx
ℓ
∝ ℓ−1.1.
The correlation factor between tSZ and X-ray surveys,
ρyx =
Cyx
ℓ√
Cyy
ℓ
Cxx
ℓ
, as a function of ℓ presents a slow variation from
0.8 at low ℓ to 0.6 at high ℓ. The smaller correlation factor at
small scales highlight the difference of slopes in tSZ and X-ray
profiles in the core of the cluster, as the tSZ profile decreases
with Tene and the X-ray profile with n2e .
3.2. The scaling relation scatter bias
The amplitude of the 1-halo term of tSZ-X power spectrum is
sensitive to the scatter of scaling relations, which produce an ex-
cess of power. The 2-halo term is not affected by the scatter.
For tSZ auto-correlation power spectrum the scatter produces a
negligible bias of 0.5%. For the X-ray power spectrum the effect
reach 3.3%.
The bias on tSZ-X cannot be estimated as easily. Indeed the
correlation between M500 − Y500 and M500 − L500 scatters has
to be known. The quantity < Y500 L500 > is equal to (1 +
ρYLσlog Yσlog L)Y500 L500, where ρYL is the correlation between
the M500 − Y500 and M500 − L500 scatters. Consequently, the bias
is null for a 0 correlation and maximal for a full correlation.
Using the Y500 − L500 scatter, σlog YL = 0.14 ± 0.02 (Planck
Collaboration et al. 2011b), it is possible to estimate ρYL through
ρYL =
σ2log Y
(
αSZ
αX
)2
+ σ2log L − σ2log YL
2 αSZ
αX
σlog Yσlog L
= 0.9 ± 0.3. (22)
This finding is consistent with an almost full correlation between
M500 − Y500 and M500 − L500 scatters. This value for ρYL leads to
a bias of 1.4% for the amplitude of the tSZ-X power spectrum.
3.3. Redshift and mass distribution of the tSZ-Xray cross
correlation
In Fig. 2 and Fig. 3, we present the distribution of the tSZ-Xray
cross correlation power spectrum as function of the redshift
and the mass for various values of ℓ from 20 to 10 000. We
observe that the power below ℓ = 100 is dominated by local
object at redshifts below 0.2. Whereas at high multipole values,
ℓ = 10000, we are sensitive to structures up to z = 1.5. We
observe that the small and large angular scales of the power
spectrum are sampling distinct populations in terms of redshift.
Contrary to the redshift distribution, we observe that the mass
dependency presents small variations for ℓ ranging from 20
to 2000. For these multipoles the power is dominated by
objects with M500 above 1014 M⊙. Smaller mass objects only
have significant contribution to the total power for very high
multipoles value ℓ ≃ 10 000.
The mass-function predicts a number of objects above a
given mass M500 that drastically increases when M500 decreases.
Similarly, the comoving volume increases with increasing red-
shift (below z ≃ 2). The 2-halo term presented in Sect. 2.3 is pro-
portional to the number of clusters, that significantly contributes
to the total power, to the square, contrary to the 1-halo terms that
is linearly related to this quantity.
This explains the relative small amplitude of the 2-halo term with
respect to the 1-halo term for the tSZ-X power spectrum. Indeed,
the low redshift depth and the high mass sensitivity of the tSZ-
X power spectrum imply that the total power is dominated by a
small number of objects.
Consequently, small values of αx or αsz, promote the 2-halo term
with respect to the 1-halo term. The 2-halo term becomes signifi-
cant at low-ℓ for αx+αsz < 3. However, such values are excluded
by existing constraints on the the M500−Y500 and the M500−L500
relations (see Table. 1 for allowed uncertainty range and Fig. 1
for the impact on tSZ-X cross power spectrum of these uncer-
tainties).
3.4. tSZ-X cross correlation dependencies with modeling
parameters
Our modeling is affected both by cosmological and scaling law
parameters.
First, we focus on cosmological parameters, with a particular
attention to H0, Ωm and σ8. In Fig. 4, we present the variation
of the tSZ-X cross spectrum as a function of H0 from 60 to 80
km/s/Mpc with a step of 1 km/s/Mpc, Ωm from 0.2 to 0.4 with
a step of 0.01 and σ8 from 0.7 to 0.9 with a step of 0.01. In the
most general case, those variations depend of the multipole ℓ, as
presented in Figs. 2 and 3 each multipole is sensitive to different
regions of the mass function and thus present different sensitivity
to the cosmological parameters.
Acl ∝
(H0
67
)αH (ℓ) ( Ωm
0.32
)αΩ(ℓ) ( σ8
0.83
)ασ(ℓ)
, (23)
where Acl is the amplitude of the tSZ-X power spectrum.
However as shown in Fig. 4, we do not observe a significant
distortion of the shape of the cross-correlation with a variation
of the cosmological parameters.
Similar expressions can be used for tSZ and X-ray auto-
correlation spectra. In table. 2 we present the values of αH(ℓ),
αΩ(ℓ), and ασ(ℓ) for each spectra, tSZ-X, tSZ-auto, X-auto.
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Figure 2. Redshift distribution of the contribution to the total tSZ/Xray cross-correlation power for several values of ℓ. In black for
ℓ = 20, in dark blue for ℓ = 100, in light blue for ℓ = 200, in green for ℓ = 1000, in orange for ℓ = 2000 and in red for ℓ = 10 000.
Figure 3. Mass distribution of the contribution to the total tSZ/Xray cross-correlation power for several values of ℓ. In black for
ℓ = 20, in dark blue for ℓ = 100, in light blue for ℓ = 200, in green for ℓ = 1000, in orange for ℓ = 2000 and in red for ℓ = 10 000.
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Figure 4. Theoretical tSZ-Xray cross correlation power spectra,
as a function of, from top to bottom, H0, Ωm and σ8. From blue
to red for 21 values of H0, Ωm and σ8, starting at 60 km/s.Mpc,
0.2, and 0.7 with a step of 1 km/s/Mpc, 0.01 and 0.01 respec-
tively.
In Fig. 5, we present the power law index variations with
respect to ℓ. For the tSZ auto-correlation we observe αH ≃ 0,
however both X-ray auto-spectrum and X-tSZ cross spectrum
present significant variations with H0, with αXH ≃ 5 and αXS ZH ≃
2.5. These dependencies variation are produced by the L500 −
M500 scaling relation. We also observe that αΩ ranges from 2.8
to 3.8 and ασ from 7 to 9. These variation of spectral indexes
with respect to ℓ are small.
In Table. 2, we provide fitting formula for each power law
index with respect to ℓ using the following parametric formula.
α = p1 + p2 (ℓ + p3)p4 . (24)
Values for p1, p2, p3, p4 are provided in Table. 2. We note that
the power law indexes are also function of the cosmological pa-
rameters. Consequently, we stress the fact that the formula given
Figure 5. Power law indexes variation as a function of ℓ for in
black the X-tSZ cross-correlation, in red the tSZ auto-correlation
and in blue the X-ray auto-correlation. From top to bottom for
αH(ℓ), αΩ(ℓ) and ασ(ℓ).
above have been estimated for cosmological parameters (H0,
Ωm,σ8) = (67,0.32,0.83), and thus can only be considered ac-
curate for 10% variations around these parameters.
In addition to the sensitivity to cosmological parameters, the
tSZ-X correlation is highly sensitive to the scaling relations de-
scribed in Sect. 2.5. A variation of the scaling relations normal-
ization translates into a variation of the amplitude of the cross
spectrum. However, the scaling law power law indexes will pro-
duce a modification of the shape of the tSZ-X correlation.
In the following, we model the deviation from our reference scal-
ing laws presented in Sect. 2.5 as
˜Y500 = Y500
( M500
3.1014
)δαsz
(25)
˜L500 = L500
( M500
3.1014
)δαx
, (26)
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Table 2. Power law indexes of the tSZ-X, tSZ-auto, and X-auto
power spectra for variations with from top to bottom H0, Ωm,
and σ8 as described in Eq. 23 and Eq. 24.
αH p1 p2 p3 p4
tSZ-X 2.38 -0.025 1.027 967 0.1114
tSZ-auto -0.29 -3.60 1.50 597 0.1071
X-auto 5.09 0 3.475 1998 -0.04747
αΩ p1 p2 p3 p4
tSZ-X 3.42 3.24 1.66×105 1426 -1.767
tSZ-auto 3.14 2.836 7.99×107 1680 -2.463
X-auto 3.50 3.42 1.66×105 1704 -1.844
ασ p1 p2 p3 p4
tSZ-X 8.12 0 12.55 1498 -0.0557
tSZ-auto 8.87 0 15.06 2017 -0.0660
X-auto 7.46 0 12.12 1190 -0.0620
where δαsz and δαx represent the deviations from the reference
scaling law indexes, αsz and αx, for M500 − Y500 and M500 − L500
respectively.
In Fig. 6, we present the variation of the tSZ-X, X-ray and tSZ
power spectra with the scaling law indexes, αsz and αx, with a
step of 0.025 for each index and 0.05 for their sum. We note that
the tSZ-X power spectrum is only sensitive to the sum of the
indexes, αsz + αx.
In terms of amplitude, the tSZ-X power spectrum follows
Acl ∝
( Y⋆
0.65
L⋆
1.88
) (1 − b
0.8
)αsz+αx
. (27)
We observe on Fig. 6, that increasing the value of αsz and αx
increases the power at low-ℓ where high-mass objets dominate
the signal and decreases the power at high ℓ that are dominated
by low-mass objects. However, the shape distortion of the power
spectra occurs at high-ℓ. The impact of scaling law indexes start
to be significant at ℓ > 1000, ℓ > 800 and ℓ > 2000 for tSZ-X,
tSZ and X power spectra respectively. We observe that the X-ray
power spectrum presents the lowest sensitivity in terms of shape
with respect to δαx.
We can infer a global dependence of the tSZ-X cross corre-
lation amplitude,
Acl =
(
σ8
0.83
)8.12 ( Ωm
0.32
)3.42 (H0
67
)2.38 ( Y⋆
0.65
L⋆
1.88
) (1 − b
0.8
)αsz+αx ( N
N0
)
,
(28)
where N is a normalization parameter for the mass-function.
3.5. Modeling uncertainties
Uncertainties on the predicted spectrum are produced by
uncertainties on galaxies clusters properties and uncertainties on
the cosmology. We used the uncertainties on clusters properties
listed in Table 1 and propagated them to predict the power spec-
tra. For the mass function, we assumed an over all uncertainty
of 10% (Evrard et al. 2002) and for the bias, b, we assumed
an uncertainty of 10% (e.g, Piffaretti & Valdarnini 2008). For
the uncertainties on cosmological parameters, we consider two
different set of cosmological parameters, our fiducial model,
named cosmo 1, and a second model based on the best fit from
Planck Collaboration et al. (2013b), named cosmo 2. For both
set of parameter, we propagated the uncertainties to the tSZ-X
power spectra. We carefully account for correlation between
Figure 6. From top to bottom: Variation of the theoretical tSZ-
X, tSZ-tSZ and X-X power spectra as a function of αsz + αx, αsz
and αx, with a step of 0.05, 0.025, and 0.025 respectively.
uncertainties between parameters for each set.
In Table. 3, we present the modeling uncertainties on the
tSZ-X cross correlation. We stress that these uncertainties trans-
late into an overall normalization of the spectrum. We also pro-
vide the uncertainty levels for the tSZ and X-ray auto correlation
spectra.
Assuming a fixed cosmology, we noted that the error budget
is limited by our knowledge on b, leading to an uncertainty of
about 35% on the amplitude of the tSX power spectrum. If we
propagate the uncertainties on cosmological parameters to tSZ-
X power spectrum, we derived an uncertainty of 31% for the
cosmo 1 and an uncertainty of 27% for cosmo 2. The cosmo 2
allows to obtain slightly lower uncertainties for the tSZ-X pre-
diction, because the degeneracy between cosmological parame-
ters is similar for tSZ and tSZ-X spectra, contrary to cosmo 1
cosmology which presents different degeneracies.
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Table 3. Modelling error budget for tSZ-X cross spectrum, X and SZ auto spectra. We notice that the propagation of the uncertainty
on αSZ,X depends on the multipole, consequently we provide a range for the uncertainty for 0 < ℓ < 2000. We also propagate the
uncertainties of the cosmological parameters to the power spectra, we consider both our fiducial cosmology and the best fitting
cosmology from Planck Collaboration et al. (2013b). The total uncertainties is computed assuming cosmo 2. All uncertainties are
expressed in percent of the total power.
Spectrum b Y⋆ − L⋆ αSZ,X m f total cosmo fix cosmo 1 cosmo 2 Total
X-tSZ 35% 9% 1-4% 10% 37% 31% 27% 47%
tSZ-auto 32% 9% 1-5% 10% 38% 34% 28% 49%
X-auto 37% 16% 2-4% 10% 37% 26% 26% 47%
Figure 7. From left to right and top to bottom: predicted sensitivity to the tSZ-X cross correlation by computing the cross power
spectra between the RASS hard-band and the Planck channels from 70 to 545 GHz. The dark-blue, blue and light-blue shaded
regions shows the uncertainties levels at 1, 2, and 3 σ for multipole bins ∆ℓ = 40. The absolute value of the theoretical tSZ-X cross
angular power spectrum is displayed as a red line.
We finally note that for the tSZ-X cross power spectrum the er-
ror budget from cluster properties and cosmological parameters
have the same order of magnitude. The total uncertainty includ-
ing both contributions reaches 47%.
4. Prediction of the tSZ-Xray spectrum
measurement
In order to estimate the tSZ-Xray cross correlation, it is possible
to use several approaches. One of them relies on the cross cor-
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relation of frequency maps of the microwave sky with an X-ray
map, see Sect. 4.3 and Sect. 4.4. Another one consists in using a
recovered tSZ map (see e.g., Hurier et al. 2013b) and an X-ray
map, see Sect. 4.5. In the following, we discuss the advantages
and drawbacks of each approach.
The measurement of the tSZ-X correlation is limited by both, in-
strumental characteristics and contaminating astrophysical emis-
sions. In order to estimate the constraints that can be reached
on the tSZ-X power spectrum, we have performed a predic-
tion of the expected signal-to-noise ratio assuming the Planck
nominal mission characteristics (i.e., noise and beams Planck
Collaboration et al. 2013a) for the micro-wave observations and
the RASS (Voges et al. 1999) for X-rays.
4.1. The micro-wave and X-ray skies
To simulate the sky emission at microwave frequencies, with the
appropriate level of noise, we have used the Planck Sky Model
(PSM, see Delabrouille et al. 2013, and references therein).
At microwave frequencies, the main astrophysical emissions
are the diffuse Galactic free-free, synchrotron, thermal dust
emissions, the anomalous microwave emission, the emission
from Galactic and extragalactic point sources, the CIB, the
Zodiacal light emission, and the tSZ effect in clusters of galaxies.
To account for the signal from the X-ray sky we have used
the RASS data, in the energy range [0.5,2.0] keV, degraded at an
angular resolution of FWHM = 2’, reprojected in the HEALpix
pixelisation (Górski et al. 2005) following a nearest neighbors
interpolation. There exists several types of astrophysical objects
that emit in the X-rays, extra-galactic ones such as galaxy clus-
ters, black holes in AGN, the combination of unresolved X-ray
emitting objects produced the X-ray background (Freyberg et al.
1992), but also galactic sources mainly supernova remnants and
stars.
In addition to the signal from galaxy clusters, there is
additional astrophysical emissions that are also correlated
between the X-ray and the microwave skies. This is the case of
the radio-loud AGNs and the CIB.
Both AGN and CIB present a different frequency dependence
than the tSZ effect and consequently can, in principle, be
separated from the galaxy-clusters contribution to the tSZ-X
cross correlation. In addition, AGNs are punctual at Planck and
ROSAT angular resolutions, and thus can be separated from the
clusters contribution by the shape of the power spectrum.
The emission from our galaxy is also present on both sky, due to
synchrotron, Free-Free and thermal dust at microwave frequen-
cies and due to nH absorption and galactic X-ray emissions in
ROSAT energy bands. However, considering only ROSAT hard-
band (0.5-2.0 keV) reduces the effect of the nH absorption, and
utilizing a galactic mask reduces the contamination by galactic
foregrounds. Similarly to the contamination by extra-galactic
point sources, such contamination will present a frequency
dependence that differ from a tSZ spectrum, and thus can be
discriminated using a multi-frequency analysis.
4.2. Statistical and systematic uncertainties
We can estimate the statistical uncertainties, on the tSZ-X corre-
lation, using :
– our prediction for tSZ-X cross correlation power spectrum
from galaxy cluster, Cyx
ℓ
,
– our prediction for tSZ and X-ray auto-correlation power
spectra from galaxy cluster, Cyy
ℓ
and Cxx
ℓ
,
– the measured cross correlation, CTνR
ℓ
, between the mi-
crowave sky from the PSM, noted Tν for frequency ν, and
the X-ray sky from RASS data, noted R,
– the measured auto correlations, CTνTν
ℓ
and CRR
ℓ
, of the mi-
crowave and X-ray skies,
– the measured cross correlation, CyPSMR
ℓ
, between the tSZ map
constructed from the PSM, noted yPSM, and the X-ray sky
from RASS data, noted R,
– the measured auto correlation, CyPSMyPSM
ℓ
of the tSZ map.
The expression uncertainties for each tSZ-X detection methods
is presented in Sect. 4.3, Sect. 4.4 and Sect. 4.5.
Our estimation of uncertainties through simulations of the
microwave sky does not allows to estimate the systematic un-
certainties. In order to account for systematics uncertainties we
consider three cases for the description of the measured tSZ-X
cross correlation.
– Case 1 : considering only the contribution of galaxy clusters
to the tSZ-X correlation.
– Case 2 : considering the contributions from galaxy clusters
and AGNs to tSZ-X correlation.
– Case 3 : considering galaxy clusters, AGNs, and CIB-X con-
tributions.
The complete description of the cross power spectrum for the
case 3 reads,
Cℓ =
[
Acl g(ν) + ACIB FCIB(ν)]Cyxℓ + AAGN FAGN(ν), (29)
with FCIB the CIB SED (Gispert et al. 2000), FAGN(ν) a typical
radio-loud AGN SED assuming a spectral index of -0.7 in inten-
sity units, Acl (see Eq. 28), ACIB, and AAGN are the parameters of
the model and account respectively for galaxy clusters, CIB-X,
and AGN contributions to the tSZ-X cross power spectrum. The
case 1 assumes ACIB = 0 and AAGN = 0 and the case 2 assumes
ACIB = 0.
This modeling assumes that the CIB-X correlation presents a
similar shape, as a function of ℓ, than the clusters contribu-
tion to tSZ-X cross spectrum and that the AGN contribution is
Poissonian, as the AGN clustering can be neglected.
In the following, we consider the multipole range 40 < ℓ < 2000
for our signal-to-noise ratio prediction.
4.3. Cross correlation spectrum from frequency maps
The tSZ-X cross correlation can be directly estimated from the
correlation between X-ray maps and microwave full-sky obser-
vations at a given frequency, noted CνR
ℓ
. We estimate the ex-
pected level of uncertainties when correlating the RASS hard-
band and microwave maps at frequency ν.
We mask 30% of the sky by applying a cut on the thermal dust
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emission intensity. Then, we estimate the uncertainties following
(
∆CνRℓ
)2
=
g(ν)2
[(
Cyx
ℓ
)2
+ Cyy
ℓ
Cxx
ℓ
]
(2ℓ + 1) fsky
+
(
CTνR
ℓ
)2
(2ℓ + 1) fsky (30)
+
(
CTνTν
ℓ
+ g(ν)2Cyy
ℓ
) (
CRR
ℓ
−Cxx
ℓ
)
(2ℓ + 1) fsky ,
where ∆CνR
ℓ
is the uncertainties on the cross power spectrum
between microwave and X-ray skies, fsky is the sky fraction
used for the analysis.
The first term in Eq. 30 corresponds to the cosmic variance
of the tSZ-X cross correlation, the other terms account for the
uncertainties produced by foreground emissions.
In Fig. 7, we present the resulting uncertainty level at 1,
2 and 3 σ as a function of the frequency. We also present
the expected absolute value of the tSZ-X cross correlation
for our fiducial model. All spectra are displayed in units of
KCMB.cts.s−1.arcmin−2.sr. Each spectrum has been corrected for
the mask effect (see Tristram et al. 2005) and the beam effects.
We choose to present the uncertainty for multipole bins with
∆ℓ = 40.
For the lowest frequencies, below 70 GHz, the signal is
completely dominated by the instrumental noise contribution.
For intermediate frequencies, from 70 to 217 GHz, the main
uncertainty is the CMB contamination, the uncertainty level
clearly shows the CMB features, mainly the first three acoustic
pics. Above 353 GHz, the uncertainties are dominated by the
thermal dust contamination.
We note that at 217 GHz the tSZ emission is not rigorously null,
however the tSZ transmission in this channel is faint (Hurier
et al. 2013a). Consequently, this channel can be used to check
systematic effects.
In the Table. 4, we present the expected signal-to-noise for
tSZ-X correlation as a function of frequency. The signal-to-noise
is provided assuming the cases 1 and 2.
We observe that in a case 3, we reach a signal-to-noise above
6 for only two channels, 100 and 143 GHz. However, the main
limitations in that case is the astrophysical emission from the
microwave sky such as CMB and thermal dust emission. These
emissions are correlated from a frequency to an other.
4.4. Cross power spectrum from cleaned frequency maps
In order to increase the signal to noise of the tSZ-X detection,
we combine the different frequencies to remove the contribu-
tion from CMB and thermal dust. This cleaning is performed
by subtracting the 217 GHz spectrum to other spectra to remove
CMB contamination, and decorrelating each channel from the
857 GHz map to reduce thermal dust contamination.
˜CTνR
ℓ
= CTνR
ℓ
−CT217 R
ℓ
− (ρν − ρ217)CT857 Rℓ (31)
Where ρν is the correlation factor between the map at the fre-
quency ν and the map at 857 GHz. This factor is computed on
the area of the sky that is not masked. We compute these cleaned
angular power spectra at 70, 100, 143, 353 and 545 GHz.
We propagate the uncertainties considering the correlation be-
tween cross spectra,
< CνRℓ ,Cν
′R
ℓ >=
g(ν)g(ν′)
[(
Cyx
ℓ
)2
+ Cyy
ℓ
Cxx
ℓ
]
(2ℓ + 1) fsky
+
CTνR
ℓ
CTν′R
ℓ
(2ℓ + 1) fsky (32)
+
(
CTνTν′
ℓ
+ g(ν)g(ν′)Cyy
ℓ
) (
CRR
ℓ
−Cxx
ℓ
)
(2ℓ + 1) fsky ,
In Fig. 8, we present the obtained power spectrum. We observe
that the uncertainties at low-ℓ are dominated by foreground
residuals. Indeed, the decorrelation from the 857 GHz assuming
a single scaling coefficient ρν does not account for thermal dust
SED variation across the sky and thus leads to residual emission
that dominates the uncertainties at those scales. At high-ℓ the
uncertainties are dominated by the instrumental noise. In Fig. 8,
we also observe that our cleaning is particularly efficient at
intermediate scales from ℓ = 100 to ℓ = 1000, due to CMB
contamination removal.
In the Table. 5 we present the expected signal-to-noise of
the tSZ-X cross power spectrum signal in the multipole range
40 < ℓ < 2000. We provide the results in the three cases de-
scribed in Sect. 4.2.
For the case 2, we performed the adjustment of AAGN individu-
ally per frequency.
For the case 3, we performed the estimation of the expected
signal-to-noise ratio per frequency and considering all frequen-
cies. We note that for both adjustments the parameters ACIB and
AAGN are fitted considering all frequencies. This adjustment is
performed considering the global covariance matrix of all spec-
tra.
This procedure explains the increase of signal-to-noise between
case 2 and case 3. As for the case 3, we consider the multi-
frequency information of the tSZ-X cross correlation for the fit
of our foreground model.
In a realistic case, case 3, we reach a signal-to-noise of 13.4 for
the tSZ-X cross correlation at 143 GHz. Considering all five fre-
quencies, we obtain a global signal-to-noise of 17.5.
4.5. Cross correlation from Compton parameter maps
We construct a tSZ map from the PSM simulations of microwave
sky observations from 100 to 857 GHz using the MILCA method
(Hurier et al. 2013b). Then, we estimate the uncertainties on the
cross power spectrum, CyR
ℓ
, between a tSZ map and an X-ray
map as
(
∆CyR
ℓ
)2
=
(
Cyx
ℓ
)2
+Cyy
ℓ
Cxx
ℓ
(2ℓ + 1) fsky
+
(
CyPSMR
ℓ
)2
+
(
CyPSM yPSM
ℓ
+Cyy
ℓ
) (
CRR
ℓ
−Cxx
ℓ
)
(2ℓ + 1) fsky , (33)
where yPSM corresponds to the tSZ map constructed from the
PSM simulations.
In Fig. 9, we present the obtained levels of uncertainties. The
tSZ-X power spectrum for our fiducial model is above 2 σ for
each bin of ∆ℓ = 40 from ℓ = 40 to 2000. The main limitations
are the instrumental noise and CIB residuals that cannot be re-
moved by a linear combination.
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Table 4. Detection signal-to-noise of the tSZ-X cross power spectrum frequency per frequency from 30 to 857 GHz considering
values of ℓ from 40 to 2000.
Frequency (GHz) 30 44 70 100 143 217 353 545
Case 1 3.4 4.5 8.9 13.9 15.2 0.8 7.7 1.2
Case 2 1.4 1.8 4.2 6.4 6.3 0.3 3.2 0.5
Figure 8. From left to right and top to bottom: predicted sensitivity to the tSZ-X cross correlation for the cleaned cross power
spectra between the RASS hard-band and the Planck channels at 70, 100, 143, 353, and 545 GHz respectively. The dark-blue, blue
and light-blue shaded regions shows the uncertainties levels at 1, 2, and 3 σ for multipole bins ∆ℓ = 40. The absolute value of th
theoretical tSZ-X cross angular power spectrum is displayed as a red line.
If we do not consider contamination by correlated astrophysi-
cal emissions such as radio-loud AGNs and CIB, we obtain an
overall signal-to-noise of 62.3 from ℓ = 40 to ℓ = 2000. If we
consider contamination by AGNs and CIB we obtain a signal-
to-noise of 31.5.
We note, in Sect. 3.5, that the modeling derived from present
constraints leads to about 47% uncertainty on the amplitude of
the tSZ-X cross correlation. Considering case 3 and a signal-to-
noise of 31.5, the amplitude of the tSZ-X cross-correlation can
be obtained at 3.2% precision. As a consequence, the utilization
of a tSZ map allows to set the tighter constraints on the tSZ-X
cross-correlation, and allows to increase our knowledge of cos-
mological and astrophysical parameters in the related degener-
acy space by a factor of 15.
12
G. Hurier et al.: Modeling the cross power spectrum of Sunyaev-Zel’dovich and X-ray surveys
Table 5. Detection signal-to-noise of the tSZ-X cross power spectrum frequency per frequency after cleaning at 70, 100, 143, 353
and 545 GHz considering values of ℓ from 40 to 2000.
Frequency (GHz) 70 100 143 353 545 all
Case 1 8.5 16.3 19.8 13.5 3.9 —
Case 2 3.9 7.1 8.9 6.0 1.8 —
Case 3 4.7 9.4 13.4 11.8 3.0 17.5
Figure 9. Predicted sensitivity to the tSZ-X cross correlation
for the cross power spectra between the RASS hard-band and
a MILCA tSZ-map. The dark-blue, blue and light-blue shaded
regions shows the uncertainties levels at 1, 2, and 3 σ for mul-
tipole bins ∆ℓ = 40. The absolute value of th theoretical tSZ-X
cross angular power spectrum is displayed as a red line.
4.6. Constraints on astrophysical and cosmological
parameters
The amplitude of the tSZ-X cross correlation can be constraints
at a precision of 3.2%. However, this amplitude is sensitive to
several parameters, from both cosmology and scaling laws, see
Eg. 28. The expected constraints on the tSZ-X cross correlation
normalization reads
∆Acl = 0.03, (34)
in the case of the correlation between a tSZ map and an X-ray
map considering the contamination by both AGN and CIB emis-
sions.
To obtain the uncertainty over a single parameter, it is needed
to propagate carefully the uncertainties from other parameters
considering the global covariance matrix of all parameters.
Beyond the amplitude of the tSZ-X cross-correlation,
the expected high level of significance of the tSZ-X cross
correlation should allow us to constrain the scaling-law spectral
indexes.
In Fig. 10, we present the constraints from our simulated
data. The tSZ-X cross correlation is only sensitive to the sum
δαx + δαsz. To distinguish the two indexes, we used the tSZ
auto-correlation power spectrum assuming uncertainty levels
from Planck Collaboration et al. (2011a).
This measurement is limited by the multipole range accessible
for example by Planck and ROSAT, ℓ ≤ 2000. In that case, we
obtained ∆ (δαsz) = 0.10 and ∆ (δαsz) = 0.16 for the scaling law
index deviation parameters. If we add a measurement of tSZ
spectrum at ℓ = 3000, considering tSZ data at higher resolution
from SPT-like (Shirokoff et al. 2011) or ACT-like (Sievers
et al. 2013) experiments, we can reach ∆ (δαsz) = 0.08 and
∆ (δαx) = 0.14. This constraints on the scaling-law slopes with
respect to the cluster mass are competitive with constraints from
Figure 10. Likelihood function as a function of the deviation
from scaling law indexes δαsz and δαx derived from tSZ auto-
correlation power spectrum and tSZ-X cross power spectrum.
scaling law dedicated analysis presented in Table. 1.
5. Conclusion
We have presented a complete up-to-date modeling of the tSZ,
X-ray and tSZ-X power spectra. We have have carefully studied
the sensitivity to cosmological and astrophysical parameters,
completing previous analysis on the topic (Diego et al. 2003).
For the variations of tSZ-X cross correlation, tSZ and X-ray
auto-correlation with H0, Ωm and σ8, we have provided accurate
analytical fitting formulae in the range 0 < ℓ < 10 000.
Then, we have carefully propagated the uncertainties on the
cosmological and scaling law parameters of our modeling to the
predicted power spectra, leading to an overall uncertainty on the
normalization of the tSZ-X power spectrum by about 47%. This
result highlights our limited knowledge on this cosmological
probes.
We note that the contributions to the total uncertainty from
clusters scaling relations and cosmological parameters are at
same order of magnitude. The main contributions to the total
uncertainty are produced by the bias b, 35%, and cosmolog-
ical parameters, 27%. This large uncertainties illustrate the
importance of an accurate measurement of the tSZ-X cross
angular spectrum to set constraints on both cluster properties
and cosmological parameters.
We stress that most of our modeling parameters act, on the
tSZ-X power spectrum, as an overall amplitude factor. This
leads to a high degeneracy between those parameters, and thus
the tSZ-X cross correlation needs to be used in addition of other
probes to break the degeneracies.
We note that our prediction cannot be directly be compared to
the measurement recently performed by Hajian et al. (2013), as
their measurement concerned the cross-correlation between tSZ
maps and X-ray catalogs, and consequently, presents difference
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dependencies with cosmological parameters.
We have predicted the expected signal-to-noise that can be
reached using a simulated microwave sky, and ROSAT data
for the X-ray sky. We have considered three approaches to
extract the tSZ-X cross power spectrum. We demonstrate that
in the case of the cross-correlation between a tSZ map and an
X-ray map, we reach a signal-to-noise of 31.5. In this case,
we can reach a measurement of the tSZ-X cross correlation
amplitude at about 3%, improving the actual constraints (from
our knowledge of cosmological parameters and scaling laws) on
the predicted spectrum by about a factor of 10.
We also study the possibility to constrain the slope of the
tSZ and X-ray scaling laws using the shape of the tSZ-X cross
spectrum. We conclude that extending the tSZ-X measurement
up to ℓ = 3000 allows to measure the scaling law indexes at
the same level of accuracy than the one presently provided by
scaling law dedicated analysis. It is worth noting that, with the
tSZ-X cross spectrum, we do not have any selection function,
we are sensitive to all clusters on the sky weighted by their
fluxes.
Future experiment at high resolution and high sensitivity
for tSZ survey (PRISM Collaboration et al. 2013) and X-ray
measurements (Predehl et al. 2010) will, in the near future, allow
to increase the expected constraints. Especially by providing
a larger range in multipoles, a higher sensitivity and a larger
number of frequency.
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